In a letter to the editor entitled 'Methodological weaknesses in non-randomized studies of ecstasy (MDMA) use: a cautionary note to readers and reviewers', Krebs and Johansen comment on our recent manuscript, 'Human ecstasy use is associated with increased cortical excitability: an fMRI study ' (Bauernfeind et al, 2011) and highlight important concerns inherent in the conduct of cross-sectional research in human ecstasy (MDMA) users. We are in considerable agreement with the authors regarding the need for well-controlled longitudinal studies to more precisely address the potential neurotoxic effects of recreational MDMA exposure. Although the concerns raised by Krebs and Johansen were addressed in our original report, several points merit additional consideration and clarification.
In a letter to the editor entitled 'Methodological weaknesses in non-randomized studies of ecstasy (MDMA) use: a cautionary note to readers and reviewers', Krebs and Johansen comment on our recent manuscript, 'Human ecstasy use is associated with increased cortical excitability: an fMRI study' (Bauernfeind et al, 2011) and highlight important concerns inherent in the conduct of cross-sectional research in human ecstasy (MDMA) users. We are in considerable agreement with the authors regarding the need for well-controlled longitudinal studies to more precisely address the potential neurotoxic effects of recreational MDMA exposure. Although the concerns raised by Krebs and Johansen were addressed in our original report, several points merit additional consideration and clarification.
In addition to commenting on our peer-reviewed manuscript (Bauernfeind et al, 2011) , Krebs and Johansen note that the principal investigator (RLC) compares MDMA users to people with early Alzheimer's disease (AD) in a press release. In prior peer-reviewed publications (Karageorgiou et al, 2009; Cowan et al, 2006) , we have noted the overlap between findings of increased task-evoked activation in MDMA users and in individuals at risk for AD. These increased task or stimulus-evoked activations may be a marker for reduced neural efficiency and a compensatory response to inefficient brain function. Thus, MDMA users and those with risk for AD show overlap with regard to their blood oxygenation level dependent (BOLD) signal characteristics. We neither posit that the primary cause of the increased BOLD signal is similar in MDMA users and people with AD nor do we suggest that MDMA users will develop AD or other dementias at increased rates. However, to the degree that increased BOLD signal may reflect increased cortical excitability in both people with AD and in MDMA usersFpossibly due to shifts in excitatory or inhibitory neurotransmissionFthe secondary effects of such a shift in cortical physiology may be similar.
Krebs and Johansen reanalyzed our raw data by combining MDMA user and control data into a single correlation analysis, and report that they found no evidence for an association of MDMA exposure and brain activation. As we discussed in our original manuscript (Bauernfeind et al, 2011) , and in prior work in different cohorts, low-dose MDMA use tends to be associated with activation values that are somewhat lower than the control cohort mean whereas high-dose MDMA use tends to be associated with activation values greater than the control cohort mean. As we wanted to begin to address the question of the effect of low-dose MDMA on brain function, our study enrolled individuals having between 3 and 155 episodes of MDMA use and, therefore, included individuals with very-low MDMA exposure levels. A simple average of the means or a correlation analysis that includes the control cohort, as performed by Krebs and Johansen (when the MDMA cohort includes very-low-dose MDMA users), therefore, inappropriately obscures the strong dose-response relationship between lifetime MDMA exposure and brain activation. This relationship is evident in the manuscript and in the associated correlation analyses when ranked data is used to properly account for the non-parametric distribution of lifetime MDMA use (Bauernfeind et al, 2011) .
Krebs and Johansen point out the possibility that psychological factors associated with cortical activation (eg, impulsivity) may predispose one to MDMA use. Although we agree with this possibility, MDMA has a well-established ability to cause serotonin neurotoxicity in non-human primates, and we are not aware of evidence to suggest that humans are less vulnerable to these effects. We have also recently shown that MDMA use is associated with alterations in functional connectivity (Salomon et al, 2011) that are consistent with reduced serotonin function. Irrespective of pre-existing differences, we believe it is likely that MDMAinduced serotonergic neurotoxicity leads to changes in mood and behavior. For example, in a prospective study of MDMA users, de Winn et al, 2007 found that incident MDMA use was associated with an increase in impulsivity. These findings suggest that MDMA use may lead to greater impulsivity via changes in serotonin function and that elevated impulsivity is not solely a pre-existing trait.
Overall, Krebs and Johansen raise important theoretical concerns regarding our report and similar reports in the human MDMA literature. To confirm or refute findings from cross-sectional studies, large well-controlled prospective studies of the effects of MDMA use on brain function in humans are greatly needed. However, much can be learned from well-designed cross-sectional neuroimaging studies that incorporate an understanding of serotonin neurophysiology and of the neural consequences of MDMA exposure that have been demonstrated extensively in animals (Cowan et al, 2008; Reneman et al, 2006) .
